Background:
Background
Brain tumors localized in the area of speech centers, of clinical importance, situated respectively -in the back of the inferior frontal gyrus and posterior parts of the superior temporal gyrus, are challenge for decision making in neurosurgery. Surgery to remove lesions in this area can lead to speech disorders in patients. Several brain mapping techniques are used to localize language centers. However, most of them are invasive i.e. Wada test, [1] , intraoperative stimulation of cortical centers (ICSM) [2] or less accessible, i.e. positron emission tomography (PET) [3] , magnetoencephalography (MEG) [4] . This makes the functional functional magnetic resonance (fMRI) because of its availability and non-invasive nature a potentially widely useful tool for determining language Signature: © Pol J Radiol, 2012; 77(3): 39-45
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lateralization and localization of speech centers. fMRI data has a quite satisfactory time resolution and quite precise association with the anatomical structures of the brain. In addition, tests may be repeated as many times as it is needed, which allows to apply the required number of paradigms [5, 6] . fMRI study can also serve as a tool for prediction of occurrence and resolution of postoperative aphasia in patients, due to the determination of the activity in areas adjacent to the tumor and homologous areas in the opposite hemisphere responsible for language functions [7] [8] [9] [10] . fMRI study may be able to assess the plastic abilities of the brain.
The aim of our study was to determine the effect of the presence of proliferative processes in the area of speech centers on their functional reorganization.
Material and Methods
The study protocol was approved by the Commission of Bioethics, Medical University of Lodz (Decision no. RNN/123/09/KE).
11 patients with tumors around eloquate areas were qualified into the study -8 men and 3 women, aged from 22 to 64 years old, median age was 47 years old. Patients were treated at the Department of Neurosurgery, University Hospital No. 1 in Lodz in 2010-2012.
The patients were qualified into the study according to the following criteria: 1) tumor located in Broca's area or Wernicke's area of the left hemisphere 2) right handedness of patients 3) neuropsychological status of patients, allowing for planned, standardized procedures.
All patients were right-handed, as determined by the inventory test. Patients were divided into two groups according to the location of the tumor in the left hemisphere of the brain. One group consisted of 6 patients with a tumor located in the frontal lobe and the other other group consisted of 5 patients with tumor located in the temporal lobe or on the border. Characteristics of patients is included in Table 1 .
Total or subtotal resection of the tumors was performed on all patients. During the same hospitalization speech disorders were assessed before and after surgery by clinical neuropsychologist.
All postsurgical tumors were examined histologically. 4 of all tumors were classified as low-grade tumors (low-grade glioma, LGG) -all belonged to primary neuroepithelial tumors, 7 tumors were classified as high grade (high-grade glioma, HGG) -6 primary neuroepithelial tumors and 1 metastatic tumor of non-small cell lung cancer.
In patients with tumors located close to the Broca's area, 4 were classified as LGG, 2 as HGG. All Wernicke's area tumors were classified as HGG.
Prior to the surgical treatment, an fMRI was performed in all patients using a 1.5 T magnetic Resonance scanner (Siemens, Avanto). Morphological, three-dimensional T1-weighted sequences were obtained according to the following protocol: FOV=256×256 mm, matrix =512×512, TR=8.8 ms, TE=4.8 ms, TA=5'07. Each volume acquired contained 160 slices of 1 mm thick. The functional examination included echoplanar imaging (EPI) sequences: TR=3000 ms, TE=50 ms, FOV=1680×1680 mm, matrix 64×64, TA=5'11, thirty-eight 3 mm thick slices.
The analysis of the data was conducted using the statistical program SPM 2, running in MATLAB (http://www.fil.ion. ucl.ac.uk/spm/). Data were analyzed for p=0.05
All patients were informed about the exact course of the study prior 30 minutes before it starts. The used paradigm was word generation (WG) [11] . The study was divided into five blocks, each containing 10 acquisitions. Pattern of stimulation proceeded in ABABABABAB block diagram, where A is the rest (control), and B represents stimuli. Two different methods of stimulation were used. Three patients respectively chose words in the reference category, e.g. furniture. The other eight patients were ordered to pronounce in periods of stimulation, non-repetitive names of male and female. The choice of paradigm was dependent on intellectual abilities of patients. Creation of names was considered an easier task in comparison with the generation of nouns of different categories. Based on data from the literature it is known that it is possible to calculate the lateralization index (LI) on the basis of differences in levels of activation or activation volume between left and right hemispheres [13, 14] . The most frequently used variables describing the among of the activation is the number of activated voxels. Lateralization index can be calculated for the whole hemisphere, or for individual ROIs. In our study, lateralization index was determined based on the number of activated voxels in the cluster for the four defined above areas responsible for language functions. Such limitation enabled to avoid analysis of non-specific activity or activity of non-linguistic, activated as a consequence of sensory or motor stimuli [13] . Lateralization index was calculated according to the formula: LI=(L-R)/(L+R), separately for the Broca's area and its right-sided homologous area and Wernicke's area and its right-sided homologous area [12] . The obtained results were in the range from -1 to 1. Positive value of LI was synonymous with left-sided laterality, and values from 0.5 to 1 clearly showed a strong lateralization, and values from 0.25 to 0.5 a weak lateralization. Negative value of the LI meant right-sided lateralization, the strong one for values of -1 to -0.5, and weak one for values of -0.5 to -0. 25 . The values from -0.25 to 0.25 was considered to be symmetrical activation [11] .
Results

Tumors located in the frontal lobe of the left hemisphere
In the case of patients with LGG located in the left frontal lobe near the frontal operculum of insula in 3/4 cases we obtained the activation of Broca's area in the right hemisphere. As far as half the LGG tumors are concerned LI showed a strong right-sided lateralization (LI=-1), whereas in the second half the LI was left-sided (strong: LI=1 and weak: LI=0.28) (Figure 1 ). In the case of two patients classified to HGG in one case we obtained the activation only in Broca's area of the left hemisphere (LI=1), in one case we did not obtain any activation in the hemisphere.
Regardless of the size and histological type of tumor we obtained the activation in Wernicke's area both in the left and the right hemispheres. For patients from LGG group in 2 cases, the LI was right-sided (strong: LI=-0.8 and weak: LI=-0.28), in one case the LI was left-sided, and 1 case demonstrated symmetrical activation of both hemispheres (LI=-0.04). In the case of HGG tumors lateralization was in both cases left-sided (strong: LI=0.71 and weak: LI=0.3).
Tumors located in the temporal lobe of the left hemisphere
In the case of tumors located in temporal area of the left hemisphere near Wernicke's area in 4/5 cases we obtained activation in Wernicke's area contralateral to the tumor (LI=-1) (Figure 2 ). In one case we obtained activation in Wernicke's area of the left hemisphere (LI=1). In 4/5 cases we obtained activation in Broca's area in 2 cases in the left hemisphere, in one case in the right hemisphere, and in one case in both sides. In Broca's area in 3/5 cases LI was left-sided (in 2 cases strong: LI=1, and in one case weak: LI=0.48).
The obtained values of t-statistics of the intensity of activation (T) and the number of activated voxels in clusters (ke) did not differ significantly depending on the used paradigm, location and histological type of tumors.
A detailed list of results are shown in the Tables 2 and 3 .
Summary of speech disorders with the calculated LI for Broca's and Wernicke's area is illustrated in the Table 4 .
Discussion
The concept of brain plasticity is defined as the ability to modify the structural and functional neural networks that are to lead to the acquisition of specific functions of the brain centers between them. Incentives to stimulate such changes may be the factors of both external origin -such as surgical resection of brain tissue, as well as internal origin -such as growing tumors of the CNS. Two concepts explaining the mechanism of compensatory remodeling of the CNS were created. The first one assumes that in two hemispheres of the brain there are homologous regions responsible for exactly the same function (redundancy region). The second one claims that some adjacent areas can take on the role of centers that were destroyed (regional degenerative) [15] . The evaluation of these mechanisms in the fMRI study might be ambiguous. Some authors conclude that the observed activity only in Broca's or Wernicke's areas in the healthy hemisphere is not the result of functional plasticity of the centers, but may be due to destruction by lesion of specialized neurons and damaged neuronal networks responsible for the inhibition LGG -low grade glioma.
of the activity centers of the opposite hemisphere [16] [17] [18] . The reduced BOLD signal (Blood-Oxygen Level Dependent) in the areas of the hemisphere with lesion, may be due to compression of the tumor mass and surrounding edema on the lumen of vessels, which reduces or prevents the formation of activity in fMRI study [19, 20] . In addition, neovascularization and necrotic changes in the tumor may affect the BOLD signal [21] .
However, studies conducted in healthy volunteers showed that with an increase in the relative difficulty of the task, the activity of homologous non-dominant hemisphere areas increase as well. For this reason it is likely that it is progressive decline of intellectual capacity with tumor growth, and thus the relative increase in task difficulty activates additional areas of non-dominant hemisphere [22] .
A number of different paradigms for mapping of language centers in fMRI study is proposed. The literature emphasizes that the use of only one type of paradigm cannot afford to detect all language areas [7] [8] [9] [10] . On the other hand, in patients with organic amendments one aims at minimizing the testing time. fMRI study method should not be burdensome for the patient. Patients with brain tumors are often less neurologically and neuropsychologically skilled compared to healthy people. They are not able to perform lengthy tasks while maintaining the appropriate focus, and thus restrict the execution of a larger number of paradigms.
In our work we used only one type of paradigm -generation of nouns in two levels of difficulty, and break as a control. In comparison with the rest, such incentive enables to detect stimulation of the centers responsible for the semantics, phonology, articulation of speech and memory. Reports Table 2 . Value of t-statistics (T) and number of activated voxels within each cluster (ke) in patients with left frontal lobe tumors.
Original Articlein the literature indicate that while using such a paradigm, an increase in signal intensity was observed among others in the inferior frontal gyrus of the left hemisphere and close to the posterior part of the left temporal lobe, which was consistent with the methodology established through the region of interest (ROIs) [23] .
In our study, in the case of tumors in the left frontal lobe in two patients G.J. and Si.A., we obtained the activation only in right hemisphere in homologous area for Broca's area, which may indicate the acquisition of function by this hemisphere. In these cases, also for Wernicke's area LI was negative, although only one case of lateralization was right-sided, as in the second case the LI=-0.04 that was the evidence of a symmetrical distribution of the function in both hemispheres in this case. These tumors belong to a group of low-grade tumors. As far as patient Si.A. is concerned, no impairment of speech neither in the period before nor after surgery were found. The obtained results confirm reports of other investigators, which showed the processes of reorganization in the case of low-grade tumors [24] [25] [26] . Patient G.J. preoperatively suffered from dyphasia and postoperatively developed a complete motor aphasia. This may indicate the presence of suppressive effect of lesion on BOLD signal. right-sided areas. In this patient in the postoperative period there was a mild dysphasia. In many studies the authors emphasize that the reorganization of centers takes time, which may explain the fact that in the second, fast-growing tumor from the HGG group, we did not obtain the activation in the areas of right hemisphere. The results of postoperative neuropsychological testing were not available for this patient.
In one patient with a tumor of the frontal lobe -B.T., and in one patient with a tumor of the temporal lobe -N.S., we did not obtain activation for Broca's area, which may be due to several reasons. The first reason may be the methodology of the study, because the paradigm did not equally stimulate the eloquent areas in all patients. Another reason may be overtaking the function of Broca's area by an area of the brain beyond the ROIs identified by us, which may indicate the lack of symptoms of speech disorders in this patient. This is confirmed by observations of other researchers who reported cases of activation of areas adjacent to the lesion [27, 28] . As a possible cause of inactivity, we rejected the lack of cooperation from the patient and other technical reasons due to derived activity centers in the temporal area. For patient B.T. lateralization index for Wernicke's area was weak left-sided and for patient NS right-sided, which may indicate that processes of functional reorganization are present here.
For tumors of the left temporal lobe, all of the HGG group, in 4/5 of the patients lateralization for Wernicke's area was right-sided (LI=-1). Of these patients, in two: K.S. and K.Z., lateralization for Broca's area was left-sided (LI=1). In right-handed patients this could be a confirmation of taking over the function of Wernicke's left area by homologous areas of the opposite hemisphere, which is consistent with observations of other researchers [29] . Of this group, there was dysphasia only in 1 patient (LI=1, LI=-1). In one case, even for Broca's area lateralization was right-sided. However, reorganization of both eloquent areas in this patient is unlikely. Studies in healthy volunteers indicate that up to 7.5% of right-handed patients may show a rightsided lateralization, which seems more plausible explanation for the obtained result [30] . In one patient, lateralization indexes for both Broca's and Wernicke's areas were left-sided, which is for non-occurrence of reorganization process of speech centers in one patient in this group. In this patient presurgery there was a mixed aphasia and after surgery there was dysphasia without periodic motor deficit.
In the future the study of functional magnetic resonance imaging may be useful in determining the location of speech centers. However, until standards are developed for used testing protocols and the interpretation of results, fMRI studies cannot be the sole method of mapping of language centers. It is extremely important to summaries neuropsychological test results with the results of fMRI studies.
Our studies were carried out on a small group of patients, which limits the possibility of generalization of the results. However, observations were carried out at a fairly homogeneous groups -very difficult to establish in clinical practice because of the extraordinary variety of CNS tumors in relation to their location and histological type. This entitles to highlight interesting trends, particularly in terms of clinical applications.
